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PROCESS FOR REMOVAL OF PAINT FROM PLASTIC SUBSTRATES 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of United States provisional application Serial 

No. 60/453,375, entitled process for removal of paint from substrates, filed 
March 10, 2003, the entire disclosure of which is incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 
[0002] The present invention generally relates to a process for removing paint from a 

plastic substrate and substrates treated by the process. 
[0003] Traditionally, paint is removed from a substrate by either mechanical methods 

such as abrasives or, in more recent years, using various chemicals. Unfortunately, the 
mechanical methods developed to remove paint from a substrate do not allow for all of 
the paint to be removed and the abrasives and abrasive techniques often used may also 
damage the substrate. Moreover, removing paint mechanically from a substrate is 
made more difficult if the substrate has many crevices and grooves. In fact, it may be 
impossible to mechanically remove all of the paint from the substrate. When this 
occurs, depending on the shape of the substrate, it may not be possible to recycle the 
substrate for further use in the same or different field because of the chemical contents 
of the remaining paint. 

[0004] A good process for removing paint from a substrate typically provides quick, 

complete removal of the paint without harming the substrate. Removing paint from a 
plastic substrate is especially difficult. Most chemicals traditionally used to remove 
paint from wood or metal substrates do not work well with plastic substrates. In 
addition to removing the paint from a plastic substrate, the chemicals also melt or 
otherwise damage the plastic substrate. Difficulties are also seen when using most 
traditional paint stripping chemicals to treat a substrate and remove the paint. Most 
chemicals used for this process are not biodegradable, may require careful handling, 
and may have special disposal requirements. They may also be harmful to the 



environment. 

[0005] Accordingly, there is a need for an environmentally friendly, thorough, easily 

handled, disposable, chemical process that removes substantially all of the paint from a 
substrate, typically a plastic substrate, in a relatively easy, efficient and cost-effective 
manner to generate paintless, plastic pieces that can be recycled or reused. 

SUMMARY OF THE INVENTION 

[0006] The present invention improves upon earlier processes of removing paint and 

similar coatings from a painted substrate by providing a process for removing paint 
from a painted plastic substrate in an environmentally friendly, thorough manner. 
Also, the chemical fluid used in the process of the present invention is easily handled 
because it is a non-hazardous aqueous solution. 

[0007] The processes of the present invention help reduce the amount of plastics in 

landfills because the resulting uncoated plastic pieces are recyclable. The waste 
products generated by the present invention are easily disposed of and have few special 
handling requirements. An embodiment of the present invention includes the process of 
removing a coating from a plastic substrate. In this embodiment, the process typically 
includes the steps of inmiersing and optionally agitating the painted plastic substrate in 
a first chemical fluid, removing the substrate from the first chemical fluid, immersing 
and optionally agitating the substrate in a second chemical fluid, removing the substrate 
from the second chemical fluid, inmiersing and optionally agitating the substrate in a 
third chemical fluid. When utilized, the third chemical fluid typically includes 
substantially the same chemicals as the second chemical fluid. The substrate typically 
is removed from the third chemical fluid, rinsed, and dried. In this embodiment, the 
third chemical fluid may optionally be removed, but is typically included in the process. 
When utilized, the third chemical fluid typically includes substantially the same 
chemicals as the second chemical fluid. The uncoated plastic substrates are typically 
collected for recycling or reuse. The uncoated plastic substrates can either be repainted 
for reuse or can be mechanically reduced in size and then remelted to form new plastic 
components. In an alternative embodiment, the painted plastic substrate may be 
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mechanically reduced in size to form smaller at least partially coated plastic substrates 
prior to immersing the at least partially coated plastic substrate into the first chemical 
fluid. Liquid and solid wastes produced by the process are neutralized by the addition 
of sodium hydroxide. After the neutralized liquid waste is evaporated, both the 
neutralized liquid and solid wastes can be safely disposed. 

Yet another embodiment of the present invention includes a process for 
removing paint from a plastic substrate by immersing and optionally agitating the 
painted substrate in a first chemical fluid comprising an organic solvent, a surfactant, 
an accelerator, a paint-thinning solvent, a coupling agent and water, where the 
temperature of the first chemical fluid is typically at from about 140°F to about ISO^'F; 
removing the substrate from the first chemical fluid; immersing and optionally agitating 
the substrate in a second chemical fluid that typically includes an ether more typically 
an ethylene glycol monoethyl ether or ethylene glycol diethyl ether, or a combination 
thereof and at least one dibasic ester, where the temperature is about 68 °F to about 
120°F; removing the substrate from the second chemical fluid; rinsing the substrate; 
and drying the substrate. The substrate may also optionally be immersed in a third 
chemical fluid which typically has substantially the same chemical makeup and same 
temperature as the second chemical fluid. The plastic substrate is optionally agitated 
and removed prior to rinsing and drying. 

Yet another embodiment of the present invention includes a process for 
removing paint from a plastic substrate by immersing and optionally agitating the 
painted substrate in a first chemical fluid that includes: benzyl alcohol, sodium lauryl 
sulfate, 2-mercaptobenzothiazole, water, xylenes, and glycolic acid; removing the 
substrate from the first chemical fluid; immersing and optionally agitating the substrate 
in a second chemical fluid comprising dipropylene glycol dimethyl ether, DBE-4 
dibasic ester; DBE-5 dibasic ester, and DBE-6 dibasic ester; removing the substrate 
from the second chemical fluid; rinsing the substrate; and drying the substrate. The 
substrate may also optionally be immersed in a third chemical fluid that typically 
includes substantially the same chemical makeup as the second chemical fluid. The 



plastic substrate may also be optionally agitated, and removed prior to rinsing and 
drying. 

[0010] These and other features, advantages and objects of the present invention will be 

further understood and appreciated by those skilled in the art by reference to the 
following specification, claims and appended drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] The drawing discloses a process flowchart, according to an embodhnent of the 

present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

[0012] The present invention includes processes for removing a coating, most typically 

paint from an at least partially coated plastic substrate by immersing the at least 
partially coated plastic substrate 1 in a first chemical fluid 2, removing the substrate 
from the first chemical fluid, immersing the substrate in a second chemical fluid 3, 
removing the substrate from the second chemical fluid, optionally immersing the 
substrate in a third chemical fluid 4, which typically contains substantially the same 
chemicals as the second chemical fluid, rinsing the substrate with water 5, and drying 
the substrate 6. 

[0013] The first chemical fluid is typically kept at a temperature of from about 140°F 

to about 180°F at about 100% concentration. The painted substrate is typically 
submersed in the first chemical fluid for about five minutes to about 120 minutes or 
until the desired result is achieved. The coated substrate being treated may also 
optionally be agitated while immersed in the first chemical fluid to further speed the 
coating removal process. 

[0014] The first chemical fluid typically contains an aromatic alcohol, a surfactant, an 

accelerator, water, a paint thinner/solvent, and a coupling agent. Typically, the 
aromatic alcohol is benzyl alcohol. The surfactant is typically an anionic surfactant, 
more typically sodium lauryl sulfate. The accelerator is 2-mercaptobenzothiazole. The 
paint thinner/solvent typically includes at least one arene, more typically the individual 
xylenes, o-xylene, p-xylene, and m-xylene, and mixture of xylenes. The coupling agent 



typically includes an a-hydroxy acid, more typically glycolic acid. These components 
are typically in the following concentrations: 

TABLE 1 



Component 


Concentration (%) 


Benzyl alcohol 


50-55 


Water 


30-40 


Glycolic acid 


5-10 


Sodium lauryl sulfate 


0.5-1.5 


2-mercaptobenzothiazole 


0.5 - 1.0 


Xylene(s) 


0.1 - 1.0 



[0015] Benzyl alcohol is typically derived by hydrolysis of benzyl chloride or from 

benzaldehyde by catalytic reduction or Cannizzaro reaction. It is somewhat soluble in 
water. One embodiment of the present invention includes about 52% benzyl alcohol. 

[0016] The surfactant is typically sodium lauryl sulfate (NaCi2H25S04). One 

embodiment of the present invention includes about 1 % sodium lauryl sulfate. 

[0017] Typically, 2-mercaptobenzothiazole (MBT) and salts thereof may be utilized as 

the accelerator in the process of the present invention. 2-mercaptobenzothiazole is 
soluble in alcohol, acetone, benzene, and chloroform. Its typical melting point ranges 
from 164-175 °C. One embodiment of the present invention includes about 1% 
2-mercaptobenzothiazole. 

[0018] Xylenes (dimethylbenzene) are typically utilized and include m-xylene, 

o-xylene, p-xylene, or mixtures thereof. Xylenes are typically produced by fractional 
distillation from petroleum, coal tar, or coal gas, by catalytic reforming from 
petroleum, followed by separation of p-xylene by continuous crystallization, and from 
toluene by transalkylation. Xylenes are typically commercially sold as a mixture of all 
three isomers, o-, m-, and p-xylene. One embodiment of the present invention includes 
about 0.5% xylenes. 

[0019] The typical coupling agent used is the a-hydroxy acid, glycolic acid. Generally, 

an appropriate coupling agent is one that is soluble in both organic and aqueous media. 
It is presently believed that in addition to glycolic acid, other a-hydroxy acids may also 
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be used as a coupling agent. One embodiment of the present invention includes about 
8% glycolic acid. 

The first chemical fluid is typically maintained at a temperature of from about 
140°F to about 180°F. The coated, typically painted plastic substrate is submersed in 
the first chemical fluid for about five minutes to about 120 minutes or until the desired 
result is achieved. The time required to reach the desired result depends on the type of 
substrate, the temperature of the fluid, and the coating being removed. Generally, the 
lower the temperature of the first chemical fluid, the longer it takes to remove the paint 
from the painted plastic substrate. The temperature of the first chemical fluid is 
typically from about 140°F to about 180°F, more typically from about ISO^F to about 
170°F, and even more typically from about 155 °F to about 165 °F. The first chemical 
fluid is most typically maintained at about 160°F. 

Next, the substrate is removed from the first chemical fluid. The subsfrate is 
then immersed into the second chemical fluid. The second chemical fluid is not 
required, but further enhances the removal process by further removing paint or coating 
residue and by rinsing the substrate. Optionally, but not typically, the plastic subsfrate 
may be removed from the first chemical fluid and simply rinsed. The second chemical 
fluid temperature typically ranges from about 68°F to about 120°F, more typically 
from about 68°F to about 110°F, and even more typically from about 90°F to about 
100°F. The second chemical fluid is most typically maintained at about 100°F. The 
concenfration, diluted with water, of the second chemical fluid may range from about 0 
to about 100%, but is typically at about 25% to about 30%. Mild agitation may also be 
applied to the substrate at this stage. 

I The second chemical fluid typically contains a blend of biodegradable, non- 

regulated solvents and emulsifiers. The second chemical fluid typically includes an 
ethylene glycol, monoethyl or diethyl ether, and a dibasic ester. Dibasic esters (DBE) 
are refined dimethyl esters of adipic, glutaric, and succinic acids. DBEs are clear, 
colorless liquids that are readily soluble in alcohols, ketones, ethers, and other 
hydrocarbons, but are only slightly soluble in water. Most typically, the second 



chemical fluid includes dipropylene glycol dimethyl ether and a mixture of DBE-4, 
DBE-5, DBE-6 dibasic ester. The second chemical fluid typically has a viscosity of 5- 
10 cps at 100% concentration, Brookfield Spindle #3, 60 rpm 78°F. The preferred 
second chemical fluid includes the following concentration of components: 

TABLE 2 



Component 


Concentration (%) 


DBE-4 dibasic ester 


55-65 


DBE-6 dibasic ester 


15-25 


dipropylene glycol dimethyl ether 


15-25 


DBE-5 dibasic ester 


1-2 



[0023] Once treated in the second chemical fluid, the substrate is removed from the 
second chemical fluid. Prior to rinsing, the substrate may optionally be immersed into 
a third chemical fluid which typically contains substantially the same chemicals as the 
second chemical fluid described above. When utilized, the third chemical fluid 
temperamre typically ranges from ambient to about 120°F, more typically from about 
68°F to about 110°F, and even more typically from about 90°F to about 100°F. The 
third chemical fluid is most typically maintained at about 100°F. The concentration of 
the chemicals is typically from 0 to about 100% (diluted with water), but, more 
typically, from about 50% to about 100%. The substrate may be agitated at this stage 
as well. 

[0024] After treatment by one or more of these chemical fluids, the plastic substrate is 

rinsed with water typically from about 100°F to about UO^F until the desired result is 
achieved. Following rinsing, the substrate is dried. The subsfrate may be air dried or 
the drying may be accelerated by using heating and/or forced air. 

[0025] The coated, typically painted plastic suitable for use in accordance with the 

present invention include automotive components, such as mirrors, door handles, grills, 
body side moldings, bumper end caps, facias, wheel covers, air bags, instrument panel 
components, and consoles. The process of the present invention may be utilized to 
remove paint from various types of plastic substrates, includmg nylon, thermal plastic 
polyolefins, polypropylene, polyphenylene-oxide (PPO), polyethylene, polyamide (PA) 
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and polyphenylene ether, thermoplastic urethanes, polyphenylene ether, polyvinyl 
chloride, polycarbonate, blended nylon, polypropylene, polyphenylene oxide and 
poly amide, and high impact polystyrenes. 

[0026] The types of paint coatings that may be removed using the process of the present 

invention include one and two component urethane paints, soft touch paints, enamel 
based paints, water based paints, soft feel, epoxy, water borne, polyester, soft suede, 
lacquer, and rigid/flex clears. 

[0027] Any solid waste produced by following the processes of the present invention 

has, to date, been shown to be able to be neutralized with a base 8, typically, sodium 
hydroxide filtered 9, and safely disposed of after proper testing and approval of a 
sample performed by a licensed waste company. In testing the present invention, a 
solid waste sample was tested by a licensed waste company and found to be a non- 
hazardous material as shown in Table 3. 

TABLE 3 



Element or Compound 


Analysis Results 


Units 


Benzyl alcohol 


2.7 


% . 


Antimony 


<34 


mg/kg 


Arsenic 


<23 


mg/kg 


Barium 


<92 


mg/kg 


Beryllium 


<1.1 


mg/kg 


Cadmium 


<6.9 


mg/kg 


Chromium 


<4.6 


mg/kg 


Cobalt 


<6.9 


mg/kg 


Copper 


<41 


mg/kg 


Iron 


1200 


mg/Kg 


Lead 


72 


mg/Kg 


Magnesium 


750 


mg/Kg 


Manganese 


<4.6 


mg/Kg 


Mercury 


<23 


mg/Kg 


Nickel 


300 


mg/Kg 


Phosphorus 


63 


mg/Kg 


Selenium 


46 


mg/Kg 


Silver 


<2.3 


mg/Kg 


Thallium 


<69 


mg/Kg 


Titanium 


440 


mg/Kg 
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Vanadium 


<4.6 


mg/Kg 


Zinc 


230 


mg/Kg 



[0028] This is also true for the liquid waste from the rinse water. Like the solid waste, 

the liquid waste produced by following the process of the present invention has, to date, 
been shown to be able to be neutralized with a base 10, typically, sodium hydroxide. 
The neutralized liquid is then evaporated 11 and safely disposed of after proper testing 
and approval of a sample performed by a licensed waste company. In testing the 
present invention, a liquid waste sample was tested by a licensed waste company and 
found to be a non-hazardous material. In particular, the liquid waste was found to have 
an undetectable concentration of the following compounds: acetone, bromobenzene, 
benzene, bromodichloromethane, bromoform, bromomefliane, 2-butanone, carbon 
tetrachloride, chlorobenzene, chlorodibromomethane, chloroethane, chloroform, 
chloromethane, 2-chlorotoluene, 4-chlorotoluene, cis-1,2 dichloroethene, trans-1,2- 
dichloroethene, dibromomethane, l,2-dibromo-3-chloropropane, 1,2-dichlorobenzene, 
1,3-dichlorobenzene, 1 ,4-dichlorobenzene, 1,1-dichloroethane, 1,2-dichloroethane, 
1,1-dichloroethene, 1,2-dichloropropane, 1,3-dichloropropane, 2,2-dichloropropane, 
1 , 1-dichloropropene, cis- 1 ,3-dichloropropene, trans- 1 ,3-dichloropropene, 

ethylbenzene, ethylenedibromide, fluorotrichloromethane, 2-hexanone, 
hexachlorobutadiene, isopropylbenzene, 4-methyl-2-pentanone, methylene chloride, 
methyl-t-butylether, n-butylbenzene, n-propylbenzene, naphthalene, m-f-p-xylene, p- 
isopropyltoluene, o-xylene, sec-butylbenzene, styrene, tert-butylbenzene, 
tetrachloroethene, 1,1,1,2-tetrachloroethane, 1,1,2,2-tetrachloroethane, toluene, 1,2,3- 
trichlorobenzene, 1,2,4-trichlorobenzene, 1,1,1-trichloroethane, 1,1,2-trichloroethane, 
trichloroethane, 1,2,3-trichloropropane, 1,2,4-trimethylbenzene, 1,3,5- 
trimethylbenzene, and vinyl chloride. 

[0029] An enormous amount of scrap is generated in the plastic automotive component 

industry. In fact, it is believed that up to 1.5 million tons of scrap plastic are sent by 
the automotive industry to landfills each year. The processes of the present invention 
significantly reduce the amount of plastics in landfills because the uncoated plastic 
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pieces 7 can be either recycled or reused, allowing recovery of used or defective plastic 
components. Recycling or reusing uncoated plastic pieces is accomplished by first 
collecting the uncoated plastic substrates. The uncoated plastic substrates then can be 
repainted for reuse. Alternatively, the uncoated plastic substrates are typically 
mechanically or otherwise reduced in size and then melted to form new plastic 
components. 

[0030] The whole, at least partially painted plastic substrates can be mechanically or 

otherwise reduced in size to form smaller, at least partially coated plastic substrates 
prior to immersing it into the first chemical fluid. Mechanically or otherwise reducing 
the size of large at least partially coated plastic substrates allows simultaneous treatment 
of large volumes of substrates that when processed will be immediately ready for 
recycling. 

[0031] The process of the present invention is capable of removing the paint from a 

painted plastic substrate, regardless of the size of the substrate. For large plastic 
substrates, such as automotive grills and body side moldings, the various chemical 
fluids can be contained in a fluid retaining device, such as a vat or tank. This also 
applies to large volumes of small plastic substrates whether mechanically processed 
from larger pieces or not. 

[0032] The first, second, and third chemical fluids can be concentrated and packaged as 

a kit for removing paint from a painted plastic substrate. Using the enclosed 
instructions, an end user can add a desired amount of water to rehydrate the chemical 
fluids prior to starting the process of the present invention. 

[0033] The above description is considered that of the preferred embodiments only. 

Modifications of the invention will occur to those skilled in the art and to those who 
make or use the invention. Therefore, it is understood that the embodiments shown in 
the drawing and described above are merely for illustrative purposes and not intended 
to limit the scope of the invention, which is defined by the following claims as 
interpreted according to the principles of patent law, including the doctrine of 
equivalents. 
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